Abstract. In this study, the Taguchi method was utilized to determine the optimum process parameters for dissimilar friction stir welding between AA6061 and AA7075 aluminium alloys. The Taguchi L9 orthogonal array and optimization approach was applied on three levels of three critical factors, namely rotational speed, transverse speed and tool tilt angle. The optimum levels of process parameters were determined through the Taguchi parametric design approach. Through the parameter analysis, the predicted value of the dissimilar joint's tensile strength was calculated to be 209.7 MPa, which is in close proximity to the experimental data (219.6 MPa) with 4.5% error. It can be concluded that a high tensile value of 219.6 MPa was achieved using 1000 rpm rotational speed, 110 mm/min travel speed and 3˚ tilt angle.
Introduction
Friction stir welding (FSW) is a solid state joining process whereby heat is generated through the friction between a rotating tool and the joint line of two plates to be welded, subsequently joining both plates together through the process. Since its invention in The Welding Institute, United Kingdom in 1991, FSW has become an increasingly important process in a wide area of research fields such as in ship building, aviation and automotive industry [1] [2] . Although approximately 99% of the present research on FSW focuses on similar aluminium sheets, a growing number of research have been conducted on dissimilar FSW, particularly between aluminium of different grades [3] [4] .
In order to bring forth a robust experimental design, a more systematic approach on parameter optimization is therefore crucial. Taguchi method is a powerful and preferable design of experiments tool to solve many engineering problems with significant reduction in time and cost [5] [6] . Through statistical analysis, this method can determine the most influential parameters and predict the best parameters to yield the optimum quality.
However, presently only a handful of research studies are taking advantage of this engineering solution. Lakshminarayanan et al. and Yashar Javadi et al. have successfully applied Taguchi method on similar FSW of RDE-40 aluminium alloy and 5086 aluminium plates, respectively, with great success [7] [8] . A recent paper have also reported the utilization of this technique on AA2219-AA5083 dissimilar FSW by Koilraj et al. [9] . In this study, the Taguchi method will be applied on dissimilar FSW of AA6061-AA7075 to predict the optimum parameters and subsequently produce a weld joint with the highest tensile strength value.
Materials and experimental methods
The base materials used in this experiment are AA6061 and AA7075 aluminium alloys. Both materials were cut into 2 × 50 × 100 mm dimensions. The chemical compositions of both materials are shown in Table 1 .
An H13 tool with pin length 1.7 mm as well as pin and shoulder diameter of 6 mm and 18 mm, respectively, was fabricated for the welding process. The rig used in this experiment is a mild steel backing plate. The backing plate functions as a support for the base metal during the friction stir welding process. The welding process was performed by using a Milltronics VMM-3917 vertical milling machine. In order to promote better material mixing, the AA6061 plate and the AA7075 plate was placed on the advancing side and retreating side, respectively [10] . Table 2 shows the three levels of rotational speed, transverse speed and forward tilt angle that were set for the parametric design. The rotational speed and transverse speed's range was decided through its revolutionary pitch (rev/mm) by dividing rotational speed (rpm) over transverse speed (mm/min). Mishra and Ma [11] and Cavaliere et al. [12] have proposed that the revolutionary pitch should be in the proximity of 0.1 to produce optimum FSW condition.
The welded joints were cut into the dog bone shape using a cutting machine by following the American Society for Testing of Materials (ASTM E8-09) guidelines. For each of the experimental level, two tensile specimens were prepared. Results and discussion Fig. 1 shows the welded product. All the specimens weld quality is sound with minimal defects. The results from the tensile tests show that all the joints failed at the AA6061 side, i.e. the weaker side.
Using the Taguchi method, the mean effect and Signal-to-Noise ratio (S/N) of each variations were calculated to analyse the influence of factors on the output (response). The tensile strength value was chosen to be the assessment basis of the joint quality. Since a higher tensile strength indicates better weld joint quality, the larger-the-better criterion was chosen. The largerthe-better S/N ratio can be calculated using Eq.1 below; / = = 10 .
( 1) where the η represents the number of test and y i is the experimental value [6] . In this study, the L9 orthogonal array (OA) was selected. Thus, 9 means and 9 S/N ratios can be calculated in order to analyse the tensile strength for each level. The mean response can be referred to the average value of the tensile strength for each parameter at different levels.
The mean effect and S/N ratio for tensile strength was calculated by using a commercially available statistical software. As can be observed in Fig. 2 , results from the software show that the tensile strength was at maximum when the rotational speed is at level 2, 1000 rpm ( Fig. 2(a)) ; transverse speed at level 3, 110 mm/min (Fig. 2(b) ); and tilt angle at level 1, 3° (Fig. 2(c) ). The analysis above has shown the best parameter in order to achieve a good tensile strength of FSW. The optimum value of tensile strength can be calculated based on these parameters. The optimum value of tensile strength can be computed as;
where the RS 2 is the average tensile value at second level of rotational speed, 1000 rpm; TS 3 is the average tensile value at third level of transverse speed, 110 mm/min; and TA 1 is the average tensile value at first level of tilt angle, 3°. T indicates the overall mean of tensile strength in MPa. Table 3 , the experimental tensile strength mean value obtained was 219.585 MPa which is the highest tensile value. This tensile value is within acceptable range from the predicted value above with 4.5% error.
Conclusion
Dissimilar butt joint friction stir welding between aluminium AA6061 and AA7075 alloy was conducted to perform parameter optimization analysis using the Taguchi method. All the joints fractured at the weaker AA6061 side. The highest tensile value from the experiment was measured to be 219.585 MPa using 1000 rpm rotational speed, 110 mm/min travel speed and 3˚ tilt angle. This is in accordance with the predicted value of 209.735 MPa with 4.5% error.
